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Cross-linked Poly-(4-vinylpyridine-styrene)-Bromine Complexes as
Stereoselective Brominating Agents

By Y. Johar, M. Zupan,* and B. Sket, Department of Chemistry and * J. Stefan * Institute, * E. Kardelj  University
of Ljubljana, 61000 Ljubljana, Yugoslavia

Cross-linked poly(styrene—4-vinylpyridine) beads, containing 40—43% of pyridine rings, were transformed with
bromine to provide three types of brominating agents (1), (2), and (3). Reactions of c¢is- and trans-1-phenylpro-
pene with (1), (2), and (3) resulted in a high degree of anti-stereoselectivity. The reactivity increases from (1) to
(3); solvent polarity has no significant effect on stereoselectivity, but affects the reactivity, being significantly
greater in acetonitrile and chloroform than in cyclohexane and dioxan. Bromination of 1-phenylcyclohexene with
(1) and (3) resulted in the formation of trans-1,2-dibromo-1-phenylcyclohexane (9) and 3-bromo-2-phenyl-
cyclohexene (10), the temperature affecting only the ratio of the products. Bromination of norbornene with the
reagents (1), (2), and (3) resulted in the formation of seven products: 2-exo-bromonorbornane (12), 7-bromonor-
tricyclane (13), 2-exo, 3-endo-dibromonorbornane (14), 2-exo-7-anti-dibromonorbornane (15), 2-exo, 5-endo-

dibromonorbornane (16), 2-exo, 5-exo-dibromonorbornane (17), and 2-exo, 7-syn-dibromonorbornane (18).

PorLYMER beads have found a wide range of uses in
organic chemistry, cross-linked polystyrene resins usually
being used, while cross-linked poly(vinylpyridine) or
cross-linked copolymers with styrene and vinylpyridine
have received much less attention.! Pyridine has broad
applications in organic synthesis by itself or in conjunc-
tion with other reagents. Poly(vinylpyridine) was
found to be useful as an HCI acceptor,? poly(vinylpyrid-
inium hydrobromide perbromide) resins were useful as
brominating agents,® poly(vinylpyridinium chloro-
chromate) has been used as an oxidising agent,? poly-
(vinylpyridine borane) complex as a reducing agent,’
polyvinylpyridine as a matrix for protein immobilis-
ation,® and the poly(vinylpyridine)-copper as a complex
catalyst for polymerization.”

The stereochemistry of bromine addition to alkenes
depends on the substituents bonded to the double bond,
solvent polarity, temperature, and the reagent used.’
Recently, it has been demonstrated that anti-addition
of bromine could be favoured by using the dibenzo-18-
crown-6-bromine complex,® the stereoselectivity being
markedly higher than in the case of the pyridine-bro-
mine complex.

Recently we have synthesized various halogen (F, Cl,
and Br) complexes with cross-linked poly-(4-vinyl-
pyridine-styrene), and found that only the bromine
complexes reacted with 1,1-diphenylethene, forming
1,2-dibromo-1,1-diphenylethane and 2-bromo-1,1-di-
phenylethane in chloroform, while reaction in methanol
also produced 2-bromo-1-methoxy-1,1-diphenylethane.1?
We have extended our investigation to the stereo-
chemistry of bromine addition to various alkenes with
polymer-supported bromine complexes where the stereo-
chemistry of addition with other reagents is known, thus
enabling us to obtain information on the effect of the
polymer resins on the stereochemical course of the
reaction.

RESULTS AND DISCUSSION

In the present study we synthesized a copolymer of
styrene and 4-vinylpyridine in the presence of 29, of

divinylbenzene, the beads thus obtained containing
40—43%, of pyridine rings. Reaction in chloroform in
the presence of excess of bromine resulted in the form-
ation of a complex containing 50.1 %, of bromine, which
means that >609%, of the pyridine rings are assoeiated
with four bromine atoms (1; Scheme 1). A high pro-
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portion of bromine bonded to the polymer resin was also
found by mixing cross-linked poly(styrene—4-vinyl-
pyridine N-oxide) resins [prepared by oxidation of
poly(styrene-4-vinylpyridine)] with bromine (2; 47.49,
of bromine). The third reagent (3) was prepared by
reaction of cross-linked poly(styrene—4-vinylpyridine)
with hydrogen bromide and bromine, and contained
41.59, bromine, which corresponds to a degree of func-
tionalization of >859%,.
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First we studied the stereochemistry of bromine
addition to frans-(4) and cis-1-phenylpropene (5) with
the reagents (1), (2), and (3) at room temperature (Scheme
2). Each experiment was repeated several times and the
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SCHEME 2

crude reaction mixtures were analysed by 'H n.m.r.
spectroscopy. The reactions with both olefins are
highly stereoselective and solvent polarity has no signifi-
cant effect on the stereochemistry of bromine addition.
The reactivity of the polymer-supported brominating
reagents increases from (1) to (3), while the reactivity is
lowered markedly in cyclohexane and 1,4-dioxan, com-
pared to that in chloroform and acetonitrile. A com-
parison of the present results for the amti-addition of
bromine to cis- and #rans-1-phenylpropene using (1), (2)
and (3) with literature results for the reactions with
bromine, the pyridine-bromine complex, and the di-
benzo-18-crown-6-bromine complex is in Table 1.
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by bromide in methylene dichloride for comparison. The
effects of the reaction temperature and of the concen-
tration of norbornene in its reaction with (2) in aceto-
nitrile and methylene dichloride are presented in Table 4.
As regards the stability of the products under the
reaction conditions, we did not observe any appreciable
change in the distribution of the products (12)—(18)
with shorter or longer reaction times. The presence of
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TABLE 1

% of anti-Addition of bromine to ¢is-(3) or {rans-1-phenylpropene (4)

trans-1-Phenylpropene (4)

Solvent (1 (¢/h) () (¢/h)
CHj, 100 (20) 100 (24)
CHCI, 100 (3.5) 100 (3) 100
MeCN 100 (3.5) 98 (2.5) 100
C,H,0, 98 (20) 98 (5)

¢is-1-Phenylpropene (5)

CH,, 98 (26) 100 (24)
CHCI, 98 (4) 100 (4.5) 100
MeCN 98 (3) 100 (1.5)

C,H,0, 95 (26) 93 (24)

The bromination of 1-phenylcyclohexene (8) depends
on the conditions, and up to five products are formed.!!
Reactions with reagents (1) or (3) at room temperature
or at 62 °C in chloroform resulted in the formation of
only two products [(9) and (10); Scheme 3]. An in-
crease in temperature led to an increase in the amount
of 3-bromo-2-phenylcyclohexene (Table 2).

The bromination of norbornene (11) with bromine has
been studied in detail and seven products were formed.!?
The reactions with the polymer-supported reagents (1),
(2), or (3) also gave seven products [(12)—(18); Scheme
4]. The effects of the structure of the polymer-supported
reagent and of solvent polarity on the product composi-
tion are shown in Table 3, with the results for bromination

(¢/h) Br,® Pyridine-Br,® Dibenzo-18-crown-6-Br,®*
(5) 92 — 100
(3.5) — — —
(1.5) 89 90 100
(1.5) 79 89 100
(5.5) 85 — 100
(4) — — —
(3.5) 69 59 98
(1.5) 25 46 26

oxygen as an inhibitor of carbon-centred radicals also
had no influence on the product distribution. The
effects of solvent on the composition of the dibromide
fraction from addition of bromine to norbornene with
the reagent (2) and with bromine are in Table 5. The
most significant difference in the ionic pathways of the

TABLE 2

Product distribution (%) in the bromination of
1-phenylcyclohexene (8) in chloroform

Reagent Time (h) Temp. (°C) (9) : (10)
(1) {4 25 77:23

3 62 50 : 50

(3) {3 25 82:18

3 62 44 : 56
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TABLE 3
Product distribution in the bromination of norbornene (11) ¢
Products (%)

Reagent Solvent - (12) (13) (14) (15) (16) 17) (18) -
(1) MeCN 20.2 15.4 15.9 31.3 8.8 8.4 —
(2) MeCN 24.8 10.0 14.2 32.5 9.4 9.1 —
(3) MeCN 30.2 10.3 13.1 29.8 8.5 8.1 —
(2) CH,CI, 21.5 17.9 7.1 10.5 2.9 2.4 37.7
Br,? CH,Cl, 16.7 34.4 3.0 12.4 3.1 1.9 27.3
(1) CHCl4 13.2 19.0 14.0 7.7 1.7 1.5 42.9
(2) CHCl, 12.5 21.1 12.0 10.8 2.6 2.6 38.6
(3) CHC, 17.1 15.8 9.7 9.0 1.8 1.5 45.1
(2) ccl, 0.9 26.7 12.7 10.5 2.3 1.9 45.0

 Each experiment was repeated several times, average data being presented, and relative yields were determined by g.l.c. maximum
error is +1.5%,; concentration of norbornene 10 mg/ml, reaction time 210 min at 23 °C. * Ref. 12, concentration of norbornene

498 mg/ml, T = 0 °C.

TABLE 4

Variation of product distribution with solvent, concentration, and temperature in the bromination of norbornene (11)

Products (%)

[Norbornene}/ P .
Solvent mg/ml Temp./°C (12) (13) (14) (15) (16) (17) (18)
MeCN 10 0 9.8 11.6 15.9 36.3 13.5 12.9 —
MeCN 1.5 23 0.4 31.1 13.3 30.8 12.8 9.6 2
MeCN 30 23 27.8 13.3 10.2 24.5 5.4 5.9 12.9
MeCN 10 50 35.6 12.4 11.4 25.6 7.7 7.3 —
CH,Cl, 2.5 23 8.5 25.6 5.8 13 3.7 3 43.4
CH,(l, 20 23 13.9 16.4 11.8 8.4 2.1 1.8 45.6
TABLE 5§
Effect of solvent on the composition of the dibromide fraction from the addition of bromine to norbornene (11) with (2)
and Br,?®
Normalized 9, of dibromides
Solvent Reagent " 19 (16) (16) (17 (18)
cel, () 17.5 14.5 3.2 2.6 62.2
CCl, Br, 7—9 15—17 1.6—2.3 1.6—2 66—71
CH,Cl, (2) 11.7 17.3 48 4 62.2
CH,CI, Br, 6.2—7 21-—22 6.7—7.1 3—3.6 56—59
MeCN (2) 21.8 49.9 14.3 14 —
MeCN Br, 2.3—3 13—17 0.6 2 77—82

* Concentration of norbornene 10 mg/ml, reaction time 210 min, at 23 °C. % Ref. 12, concentration of norbornene 10 mg/ml],

T = 0°C.

two brominations is found in acetonitrile, where in the
case of reagent (2) 2-exo-7-syn-dibromonorbornane (18),
the main product in bromination with bromine, was not
observed. However, similar decreases in the amount
of (18) formed were also observed in bromination with
bromine in methylene dichloride when the solution was
saturated with tetraethylammonium bromide.12

The polymer-supported brominating reagents (1), (2),
and (3) could be recovered easily after reaction and
re-used several times without loss of activity.

EXFERIMENTAL

Lr. spectra were recorded using a Perkin-Elmer 727 B
instrument, and 'H n.m.r. spectra on a Jeol JNM-PS-100
spectrometer with Me,Si as internal reference. Mass spec-
tra were taken on a CEC-21-110 spectrometer. Gas-liquid
partition chromatography was carried out on a Varian
Aerograph, Model 3 700, and CDS 111 integrator.

Materials.—The polymer-supported brominating agents
(1), (2), and (3), were prepared as described,!® and cis- and
trans-1-phenylpropene 4,15 and 1-phenylcyclohexene !¢ were

synthesized. Solvents were purified and stored over

. molecular sieves.1?

Addition and Isolation Procedures.—To a stirred solution
of the alkene (0.5 mmol) in the appropriate solvent (10 ml)
was added the polymeric reagent (1), (2), or (3) (500 mg) at
23, 25, or 62 °C. The mixture was stirred for 1-—26 h and
diluted with solvent (5 ml), the polymer was filtered off and
washed twice with solvent (5 ml), and the solution and
washings were evaporated in vacuo. The products isolated
in high yields, were analysed by 'H n.m.r. spectroscopy for
the reactions of cis- (5) and frans-1-phenylpropene (4) and
1-phenylcyclohexene (8), and by g.l.c. for norbornene (11).
Each experiment was repeated several times and the maxi-
mum error in the determination of the composition is +1.5
%. The structures of the products were determined by
spectroscopic comparison with authentic samples prepared
independently by literature methods.% 1,12

Determination of the Active Bromine Content of the Polymeric
Reagents (1), (2), and (3) and Regeneration of the Polymer
Resins.—The reactions of the brominating reagents (1), (2),
and (3) with aqueous potassium iodide resulted in the form-
ation of iodine which, however, is readily bonded to the
polymer resins, thus preventing the determination of the
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amount of active bromine by titration with sodium thio-
sulphate. Hence in order to determine the active bromine
reactions were carried out with an excess of olefin, and the
mixtures analysed by 'H n.m.r. spectroscopy. To a
solution of 1,1-diphenylethene (1 mmol) in methanol (10
ml) the polymer reagent (1), (2), or (3) (0.25 g) was added
and the mixture heated under reflux for 4.5 h. The result-
ing mixture, containing 1,1-diphenylethene, 2-bromo-1,1-
diphenylethene, 1,2-dibromo-1,1-diphenylethane, and 2-
bromo-1-methoxy-1,1-diphenylethane was analysed by 'H
n.m.r. spectroscopy and the following activities were ob-
served (in mmol of Br,/g of reagent): 2.3 for (1), 2.5 for (2),
and 1.7 for (3). For the regeneration of reagent (3) from
the polymer resins isolated after the reaction of (3) with the
olefins, only washing with methanol and chloroform was
needed, prior to the reaction with bromine, whereas the
reagents (1) and (2) required stirring of the resins with a
2M-aqueous sodium hydroxide at 40—50 °C for 5 h. The
use of higher concentrations of sodium hydroxide or higher
temperatures resulted in decomposition of the polymer
resins. The i.r. spectra of the polymer resins isolated after
work-up with sodium hydroxide showed no significant
difference from those of the polymer resins used initially in
the reactions leading to (1), (2), or (3); the resins could be
re-used at least ten times for the preparation of the bromin-
ating reagents.

[1/1527 Received, 1st October, 1981]

REFERENCES

1 C. C. Leznoff, Chem. Soc. Rev., 1974, 8, 65; G, Manecke and
W. Storck, Angew. Chem., 1978, 90, 691; S. L. Regen, ibid.,

View Article Online

J. CHEM. SOC. PERKIN TRANS. I 1982

1979, 91, 464; J. Rebek, Tetrahedron, 1979, 85, 723; J. M. J.
Frechet, ibid., 1981, 37, 663.

2 M. L. Hallensleben and H. Wurm, Angew. Chem., 1976, 88,
192.

3 J. M. Frechet, M. J. Farral, and L. J. Nyens, J. Macromol.
Sci., Chem., 1977, 11, 507.

4 J. M. Frechet, J. Warnock, and M. J. Farral, J. Org. Chem.,
1978, 43, 2618.

5 F. M. Menger, H. Shinozaki, and H. C. Lee, J. Org. Chem.,
1980, 45, 2724.

8 F. Pittner, M. G. Pittner, and M. Wilchek, J. Am. Chem. Soc.,
1980, 102, 2451.

7 E. Tsuchida and H. Nishide, * Macro Florence 1980," vol. 4,
p. 147, Proceedings of IUPAC International Symposium on
Macromolecules, 1980, Florence, Italy.

8 * The Chemistry of the Carbon—Halogen Bond,’ ed. S. Patai,
vols. 1 and 2, Wiley, New York, 1973; G. H. Schmid and D. G.
Garrat in ‘ The Chemistry of Double-Bonded Functional Groups,’
ed. S. Patai, Wiley, New York, 1977, p. 725; P. B. D. de la Mare,
‘ Electrophilic Halogenation,” Cambridge University Press,
Cambridge, 1976.

* K. H. Pannel and A. Mayr, J. Chem. Soc., Chem. Commaun.,
1979, 132.

10 M, Zupan, B. Sket, and Y. Johar, J. Macrom. Sci., Chem.,
1982, 17, 759.

1 P L. Barili, G. Bellucci, F. Marioni, I. Morelli, and V.
Scartoni, J. Org. Chem., 1973, 38, 3472.

12 D, R. Marshall, P. Reynolds-Warnhoff, E. W. Warnhoff, and
J. R. Robinson, Can. J. Chem., 1971, 49, 885.

13 * Techniques of Organic Chemistry,” ed. A. Weissberger,
vol. VII (Organic Solvents), Interscience, New York, 1955.

14 M. J. Dewar and R. C. Fahey, J. Am. Chem. Soc., 1936, 17,
759.

16 V. J. Traynelis, W. L. Hergenrother, J. R. Livingston, and
J. A. Valicenti, J. Org. Chem., 1962, 27, 2377.

18 E. W. Garbisch, J. Org. Chem., 1961, 26, 4165.


http://dx.doi.org/10.1039/p19820002059

